Introduction
Platinum in its most common oxidation states of +II and +IV displays preferably square-planar or octahedral coordination geometries, respectively. Oxidation of cyanoplatinate complexes by halogens has been known for more than 150 years [1] , and the prototype of partially oxidized Pt +2.33 in K 2 [Pt(CN) 4 Br 0.33 ] · 3 H 2 O has been extensively studied and is well characterized by the original work of Krogmann [2, 3] , and further investigations by Zeller [4] . A characteristic feature of the atomic structure of cyanoplatinates(II) is the presence of columns built by Pt in a square-planar coordination of cyanide groups. The Pt atoms approach each other realizing distances as short as 2.88Å, which is only slightly longer than in metallic platinum (2.77Å), suggesting one-dimensional metallic character and relatively high electron conductivity due to overlap of only partially filled Pt d z 2 orbitals. Since Krogmann's pioneering work, amazing physical-structural corre-0932-0776 / 10 / 0900-1066 $ 06.00 c 2010 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com lations in this class of compounds have been revealed by Williams [5] , who studied also the crystal structures of Rb 2 [Pt(CN) 4 4 Cl 0.30 ] [7] and their electrical properties [8] . A recent overview was given in 2009 [9] , addressing the potential for the development of sensors and other technological applications using platinum polymers with short Pt-Pt distances. Partly oxidized cyanoplatinate halides are obtained from mixtures of the tetracyanoplatinate and the fully oxidized platinum halide complex in aqueous solution, and it appeared desirable to also know the crystal structures of compounds A 2 [Pt(CN) 4 X 2 ] (A = alkali metal, X = halogen) and of related series of oxidation products of cyanoplatinates which are precursors for the one-dimensional complexes. So far, only the crystal structures of Na 2 [Pt(CN) 4 4 ] · H 2 O 2 (A = alkali metal) [13] . 
In order to complete the consolidated findings and to learn more about the influence of the kind of alkali metal on the crystal structure we investigated the rubidium and cesium cyanoplatinate halides by X-ray crystal diffraction, differential thermal analysis (DTA), thermogravimetry (TG), and infrared (IR) and Raman spectroscopy. 4 I 2 ], because all crystals under investigation were systematically twinned (dove-tail twins), the volume ratio of the two twin components of the crystal under investigation being 0.907(1)/0.093 (1) . The intensities of all crystals were corrected for absorption effects applying a semi-empirical method [17, 18] (Table 1) .
Experimental Section
X-Ray powder diffraction data of Cs 2 [Pt(CN) 4 Cl 2 ] (Fig. 1) were collected at r. t. using a Bruker D8 diffractometer in Debye-Scherrer geometry (primary beam Johannsontype Ge(220) monochromator for MoK α1 radiation, onedimensional LynxEye PSD with silicon strips of 500 µm thickness and an opening angle of 3.5 • ) with the sample contained in a sealed borosilicate glass capillary of 0.2 mm diameter. Patterns were collected in the range 2θ = 4 -52 • with a step width of 0.0085 • in 2θ . There was no Bragg contribution to the pattern at angles higher than 50 • in 2θ which was excluded from the analysis. The sample was spun during measurements for better particle statistics. For indexing and refinement of the powder pattern of Cs 2 [Pt(CN) 4 Cl 2 ], the program TOPAS [19] was used. Indexing was performed by iterative use of singular value decomposition (LSI) [20] , leading to the lattice parameters given in Table 2 . The peak profiles and precise lattice parameters for all three phases were first determined by a LeBail fit [21] using the fundamental parameter (FP) approach of TOPAS [22] . Since the LynxEye and the Stoe PSD detectors are not fully described by the current implementation of the fundamental parameters approach in TOPAS, the instrument parameters were refined on respective measurements of a NIST standard material, SRM 660a (LaB 6 ) over the whole 2θ range of the in- Fig. 1 . Scattering X-ray intensities for Cs 2 [Pt(CN) 4 Cl 2 ] at ambient conditions, as a function of the diffraction angle 2θ . Shown are the observed pattern (diamonds), the best Rietveld-fit profile (line a), the difference curve between observed and calculated profile (line b), and the reflection markers (vertical bars). The wavelength is λ = 0.7093Å. The higher angle part of the plot is enlarged by a factor of five starting at 2θ = 42 • . Tables 1 and 3 ). Due to the fact that free refinement of the atomic coordinates of the CN groups resulted in meaningless distortions, for the description of the [Pt(CN) 4 Cl 2 ] 2− octahedron a regular rigid body was constructed in the rigid body editor of TOPAS. The rigid body was defined in a way allowing for the refinement of the Pt-Cl, Pt-C (2×), and average C-N distances. Due to the fixed position of the rigid body at the origin of the unit cell, only three rotations for the [Pt(CN) 4 Cl 2 ] 2− octahedron as external degrees of freedom were subjected to global optimization. The structure giving the best fit to the data was validated by a Rietveld refinement. During the Rietveld refinement, the internal degrees of freedom as well as isotropic displacement parameters were refined.
The crystallographic data of all compounds under investigation are collected in Tables 1 and 2 , the positional and displacement parameters are listed in Table 3 , selected atomic distances and angles are given in Tables 4 and 5 .
Further details of the crystal structure investigations may be obtained from Fachinformationszentrum Karlsruhe, 76344 Eggenstein-Leopoldshafen, Germany (fax: +49-7247-808-666; e-mail: crysdata@fiz-karlsruhe.de, http://www.fizinformationsdienste.de/en/DB/icsd/depot anforderung.html) on quoting the deposition numbers given in Tables 1 and 2 .
Physical properties
Differential thermal analysis (DTA) and thermogravimetry (TG) in combination with mass spectrometry (QMS 421, Balzers, Wiesbaden, Germany) for analyzing the volatile decomposition products were performed with a computercontrolled thermal analyzer (STA 409, Netzsch GmbH, Germany). Powder samples of 20 mg were placed in a corundum crucible, heated to 1173 K with a rate of 10 K min −1 , and then cooled down to r. t. with the same rate under argon.
The infrared spectra were recorded on an IR-Spectrometer (113v, Bruker, Germany) from 2 -3 mg samples thoroughly mixed and ground with ∼400 mg of KBr (Aldrich, 99+ %, dried at 200 • C in vacuo) and subsequently pressed into pellets with a diameter of 13 mm.
The Raman spectra were measured by a laser with 0.4 W and a wavelength of 632 nm in a Confocal Microscope Laser Raman System (Model LabRam 1, Jobin-Yvon, France).
Results and Discussion

Crystal structures
The six representatives with the general formula A 2 [Pt(CN) 4 X 2 ] (A = Rb, Cs; X = Cl, Br, I) crystallize in three different types of structures: Rb 2 [Pt(CN) 4 Cl 2 ] (Fig. 2) crystallizes in the triclinic space group P1; Rb 2 [Pt(CN) 4 I 2 ] (Fig. 3) and Cs 2 [Pt(CN) 4 I 2 ] crystallize in the already known Rb 2 [Pt(CN) 4 Br 2 ]-type structure (monoclinic space group P2 1 /c) [11] , which is also realized by K 2 [Pt(CN) 4 X 2 ] (X = Cl, Br, I) [12] , and (Fig. 4) crystallize also in the monoclinic system but in space group C2/c, c. f. Tables  1 -3 . In all alkali metal tetracyanoplatinate halides mentioned above, the platinum(IV) atoms are in an octahedral coordination. The carbon atoms of the cyanide groups provide a square-planar basis, and the halogen atoms are located in the axial (trans) positions of the [Pt(CN) 4 X 2 ] 2− octahedron. The bond lengths Pt-C and C-N correspond to the expected values. A slight decrease of both lengths is observed from the iodine to the chlorine compounds, which correlates with increasing of IR vibrational frequencies (Tables 4 and 5 ).
The arrangement of the platinum atoms, as the centers of the octahedra, is body-centered I in Rb 2 [Pt(CN) 4 Cl 2 ] (Fig. 2) , showing the same arrangement as in the F centered K 2 PtCl 6 struc- ture type [26] , with b 6 ). In the case of the other representatives a facecentered arrangement is observed: Cs 2 [Pt(CN) 4 Cl 2 ] and Cs 2 [Pt(CN) 4 Br 2 ] face-centered C (Fig. 3) (Fig. 4) . 
Thermogravimetric analysis
The thermal decomposition of Cs 2 [Pt(CN) 4 Br 2 ], measured exemplarily by DTA and TG-MS, starts with a separation of part of the cyanide at 300 • C. At higher temperature, the CN − and (CN) 2 groups and halogen are evolved progressively, until elemental platinum is left as the only solid residue. All other rubidium and cesium cyanoplatinate halides A 2 [Pt(CN) 4 X 2 ] (A = Rb, Cs; X = Cl, Br, I) behave similarly, thus corresponding to the potassium cyanoplatinate halides investigated previously [12] .
Infrared spectroscopy
The infrared spectra (Table 6 ) of all alkali metal cyanoplatinate halides A 2 [Pt(CN) 4 X 2 ] (A = Rb, Cs; X = Cl, Br, I) show a sharp strong absorption band for A = Rb at 2159 cm −1 (X = I), 2170 cm −1 (X = Br) or 2174 cm −1 (X = Cl), and for A = Cs at 2158 cm −1 (X = I), 2166 cm −1 (X = Br) or 2171 cm −1 (X = Cl), which are assigned to the valence vibration of the C≡N groups [27] . With increasing size and decreasing electronegativity of the halogen atoms the frequencies ν(C≡N) are shifted to lower values, but are still above the ν(C≡N) values of cyanoplatinates(II) like Rb 2 [Pt(CN) 4 ] (2132 cm −1 ) [28] . The charge of the platinum atom of the complex has a significant influence on the C≡N bonding character, whereas the type of cation has only a marginal influence. The strong bands at 487 to 494 cm −1 and 468 to 477 cm −1 are assigned to the valence vibrations of the Pt-C bonds [28] . The absorption band of the deformation vibration of the Pt-C≡N groups occurs at 403 to 409 cm −1 [39, 30] .
Raman spectroscopy
The Raman spectra (Table 7 ) of all representatives of the type A 2 [Pt(CN) 4 X 2 ] with A = Rb, Cs, and X = Cl, Br, I show two bands of the ν(C≡N) vibration between 2174 and 2197 cm −1 [31] with decreasing frequencies, depending on the halogen atom, from X = Cl to I. The electronegativity effect of the halogen atoms on the force constants of the Pt-C bonds at frequencies of 467 to 472 cm −1 and on the δ (Pt-C≡N) deformation vibrations, decreasing from 151 cm −1 (X = Cl) to 140 cm −1 (X = I) in both cyanoplatinate halides, is not very pronounced. The bands of the ν(Pt-X) vibration have a very high intensity as observed in the potassium tetracyanoplatinate halides [12] and occur for A = Rb at 149 cm −1 (X = I), 198 cm −1 (X = Br) and 327 cm −1 (X = Cl), and for A = Cs at 143 cm −1 (X = I), 204 cm −1 (X = Br) and 333 cm −1 (X = Cl). Again, the frequencies decrease with the increasing size and the decreasing electronegativity of the halogen atoms, but are not affected by the cation size.
